Abstract: The Park Grass Experiment at Rothamsted consists of a series of fertilizer treatments which have been applied to a species-rich hay meadow annually since 1856. Detailed botanical analyses of the plots between 1862 and 1992 were classifw.,d to one of the National Vegetation Classification (NVC) communities using the similarity measured by Czekanowski coefficient using computer program MATCH. Results indicated that "control" unfertilized plots were a relatively stable Cynosurus cristatus-Centaurea nigra dicotyledon-rich grassland. However mineral fertilized plots moved towards a species-rich Arrhenatherum elatius grassland MGIe after 50-80 years and remained there. Plots receiving nitrogen fertilizer moved first to MGle then on to a Lolium perenne-Alopecurus pratenais grassland MG7D. Perhaps the most interesting plot was one which received a low rate of the soil acidifying ammonium sulphate fertilizer; the species composition changed towards a MG7D (Lo//um perenne-Alopecurus pratensis) community between 1856 and 1903 but since then a liming treatment has been applied to part of the plot and the species composition on that part has recovered to a MG5 community resembling the control plots, taking 70-90 years to do so.
INTRODUCTION
The purpose of vegetation classification is to provide a means of recognizing similarities between spatially separated communities. The classification exercise is based on the assumptions (a) that variation in community composition is discontinuous in space, (b) that discontinuities in community composition reflect an underlying environmental heterogeneity, and (c) that there is reasonable temporal stability in community composition. Perhaps nowhere are spatial discontinuities in community composition more obvious than in the Park Grass Experiment (PGE) at Rothamsted, England, where species-rich meadow plant communities are divided from species-poor ones of various types by boundaries that are unmistakable to Vol. 29, of the Folia Geobotanica Vol. 29, 
of the Folia Geobotanica et Phytotaxonomica was issued Ist June 1994 et Phytotaxonomica was issued 8th August 1994
the naked eye. These community boundaries demarcate a series of grassland plots that have received different fertilizer and liming treatments for up to 139 years. The PGE is a textbook example of the correspondence between edaphic conditions and grassland community composition (BRENCHLEY & WARtNGTON 1958 , "I'nuRsTON 1969 , WILLIAMS 1978 . Indeed I~GOTT (1982) Stated that the simple fertilizer treatments converted one type of vegetation into another and suggested that many of these vegetation types could be matched closely to vegetation occurring naturally in lowland England.
In this paper we explore the temporal aspect of community composition in the PGE by using the British National Vegetation Classification (NVC; RODWELL 1991 RODWELL , 1992a RODWELL , 1992b to track the composition of communities as it has changed over more than a century. We ask whether unfertilized (control) plots in the PGE have had a stable classification through time, how quickly plots fertilized in a variety of ways lost or changed their original classification, and how quickly communities that had been severely altered by fertilizer recovered when treatments were stopped or ameliorated.
METHODS
The Park Grass Experiment was started in 1856 on an area which had been a meadow for several hundreds of years. The site was originally selected as being level and having uniform herbage. The traditional management was to remove one hay crop and graze the aftermath with sheep. The land was occasionally manured with farmyard manure (FYM), but there was no manure for the three seasons preceding the commencement of the experiment (LAWES & GILBERT 1858) and sheep grazing ceased in 1875, to be replaced by a second hay'cut.
A range of organic and inorganic fertilizer treatments have been applied to plots every year; the details are given by WILLtAMS (1978) and are summarised in Fig 1. Treatments with sufficient data to be discussed here could be divided into those receiving inorganic nutrients but no nitrogen (plots 7, 8, 15) , those receiving nitrogen in the form of ammonium sulphate which progressively acidified the soil (JOHNSTON et al.; plots 1, 9, 10, I l/l, 11/2), those receiving nitrate (plots 14, 17), and one receiving farmyard manure (plot 19). There are now effectively three "controls"; plots 3 and 12 which have received no additional fertilizers since the experiment started, and plot 2 which received FYM 1856-1862 but no fertilizer since. Most of the plots were split in 1903 or 1920; one half continued to receive the fertilizer treatment as before; the other half received the fertilizer plus a liming treatment. The liming treatment was modified in 1965 (WU.LiAMS 1978) . Liming treatments neutralised the acidifying effect of the ammonium fertilizers.
Botanical composition of the plots has been recorded at irregular intervals. The samples taken between 1862 and 1976 consisted of detailed examination of a random sample of cut hay, dividing it into the percentage dry weight of each species present. The plot areas cut for hay were at least 36 m 2. In 1991 and 1992 six replicate 0.25 m x 0.5 m quadrats per treatment were cut before the hay and again divided into the percentage dry weight of each species present. These quadrats were amalgamated in subsequent analysis because individually they were too small to be a representative sample of the grassland community. The number of species recorded from the random sample of hay and the amalgamated quadrat samples were similar and generally within the year to year variability of hay samples previously recorded. Effectively therefore we had data for only one sample per treatment per year whereas ideally, 
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PLOT TREATMENTS (applied every year except as indicated)
Nitrogen (applied in spring) I constancy values of each species in the sample data with the constancy profile of the communities recognised in "British Plant Communities". Using the Czekanowski similarity coefficient the community to be identified is classified into the vegetation type giving the highest similarity value. For the program to work effectively several samples have to be supplied so that the between sample constancy of each species can be calculated. Constancy values range between I for rarely occurring species (0 -20% of the samples) to V for species which occur in 80 -100% samples (KERSHAW 1973) . If only one sample is supplied then each species present has a maximum constancy value of V. The amount (Domin score) of each species in each sample does not affect the constancy value. However in the final table comparing test data with the NVC community, the Domin scores (Tab. 1) are used to note any substantial discrepancies between the amount of each species found in the test data and the amount found in the NVC community.
The program needed several samples to work effectively but there was only one sample per plot/year available. Therefore as well as looking at the data for single samples per plot year several samples from the same plot over a range of years during which there were no major changes in species composition were put together using years as replicates. The exact groupings of years and number of groups were largely determined by data availability since there are substantial gaps in the botanical record at Park Grass.
The four periods (A -D) chosen for analysis were: A: 1867-1877, a time of gradual change during the early part of the experiment, when most plots were sampled in 1867, 1872 and 1877. A sample in 1862 was not used as the fertilized plots were still changing rapidly at that time.
B : 1900-1929, and C: 1930-1949 , periods of relative stability, with frequent sampling of several plots during the 1920's and 1930's. D: 1973-1992 , there were only three samples on most plots, samples occurred in 1991, 1992 and one in the mid 1970's.
Only those plots for which there were the most data were selected for analysis. These covered a full range of fertilizer treatments and "controls". Data from both single year samples and tables from combined year samples where there were enough data were assigned to NVC types (a) using the MATCH computer program and (b) using the key to mesotrophic grassland in RODWELL (1992b). Both must be used critically, particularly where, as here the data were not collected in the standard way. Communities of the NVC are designated by a two letter code followed by a number; for example MG5 indicates mesotrophic grassland group 5. Sub-communities are indicated by a lower case letter following the main code for example MG5a is the Lathyrus pratensis sub-community of an MG5 grassland. However the system has one exception: the highly improved agricultural communities MG7A, MG7B, MG7C, MG7D, MG7E and MG7F; they have no sub-communities and there is no overall community MG7.
RESULTS

Unlimed plots
The control (unfertilized) plots 2, 3 and 12 matched to community MG5 for almost all individual years. Plot 3 gave a MG5 for each of the groups of years (Tab. 3a, b; plots 2 and 12 contained insufficient data to appear in the table). Sub-communities for the control plots varied between MG5, MG5a and MG5b.
Plots receiving mineral fertilizers but no nitrogen (7, 8 and 15) were more variable than the controls but still gave MG5 or MG3 as the main community each year. The sub-community level classifications were more variable, often giving MGle for individual years or for groups of years between 1900 and 1949, for the latest period 1973-1992 the community matched to either a MG5 or MGle.
Plot 17, which received a small amount of sodium nitrate, gave similar results to the controls generally producing a MG5 or MG3.
The other plots receiving nitrogen, especially in the form of ammonium sulphate, were much more variable with individual years giving best matches to communities from either mesotrophic grassland, sand dunes, mires, upland, or woodland. Generally the plots moved to a MG7D or MGle community between 1900 and 1949. In the most recent surveys some of the plots matched to the scrub community W23.
Limed plots
Liming had little effect on the communities achieved by the fertilizer treatments when compared to the unlimed parts of the same plots. There was however one notable exception, plot 1 (ammonium sulphate, lowest dosage) limed, which instead of moving towards a MG7D or W23, returned to MG5.
The matching procedure gave a number of NVC communities which were unlikely to occur in the habitat conditions at Park Grass, including MG3 -a montane hay meadow; several periodically flooded grassland types such as MGI0, MG13; the maritime and sand dune communities MC9, MC12, SD9; the acid heath type communities U1, U4, and H8; and the scrub community W23. Of these only MG3 gave a similarity coefficient of greater than 50% for any plot/year groups (Tab. 2).
The key to mesotrophic grassland (RODWELL 1992b) often gave the same plant community as MATCH but it did not give any MG3 results. MG3 was excluded in the dichotomous key as none of the plots had frequent Geranium sylvaticum, Alchemilla glabra or Alchemilla xanthochlora. The control plots gave a MG5; the mineral fertilized plots gave MGle, MG4 or MG5. The non acidified nitrogen plots suggested a MG 1 but none of the sub-communities were suitable. The acidified plots often did not fit in to any of the grassland types in the key.
Trends are summarised in Fig 2. 
DISCUSSION
Have control plots had a stable classification?
It is clear that the "controls" have remained as Cynosurus cristatus -Centaurea nigra dicotyledon-rich grassland [Mesotrophic Grassland 5 in the NVC (Tab. 2)] throughout the 130 years of the experiment; indeed ROt)WELL (1992b) used Park Grass plot 3 as an example of MG5b. The question as to whether plot 3 is stable in terms of sub-communities is less easy since in Tab. 2, in any one period, the similarity coefficients for diagnosis MG5a, MG5 or MG5b were separated by a maximum of just 3.5%. In the earliest period (1867-1877) the most likely match was to the Lathyrus pratensis sub-community MG5a. The plot was in the process of slow decline in yield after the cessation of traditional management and one of the main preferentials for the MG5b sub-community, Galium verum, was not yet present. In later periods this species was recorded and the sub-community moved to a MG5 or MG5b.
How quickly have ferUlized plots changed their clsssification?
It is interesting that plots receiving mineral nutrients alone also match to an MG5 community throughout even though RODWELL (1992b) used BRENCHLEV & WAVaNGTON'S (1958) description of plots 7 and 8 as an example of the Centaurea nigra sub-community of Arrhenatherum elatius grassland (MGIe). The main differences between the unlimed part of plot 3 and the mineral fertilized plots 7 and 8 are species such as Heracleum sphondylium and Filipendula ulmaria which grow on plots 7 and 8 but not on plot 3, and Cynosurus cristatus and Sanguisorba minor which occur on plot 3 hut not on the unlimed parts of plots 7 and 8. Sward height on plots 7 and 8 may be twice that of the unfertilized plots and can contain large amounts of Lathyrus pratensis especially on the limed parts of plot 7. The extensive sprawling nature of Lathyrus plants could have seriously influenced the results if small fixed quadrats had been used in the sampling method. However the general proceedure at Park Grass was to take random samples from large areas of cut hay located in a different part of the plot each year. Thus the location of samples was similar to that suggested in the NVC and the use of years as replicates evened out some of the temporal variability of individual species. Indeed the botanical composition of the hay samples themselves were considerably more stable year to year than visual surveys of the same plots 1920 -1979 . Visual surveys occasionally "missed" common species but they also sometimes found very rare species and were generally less reliable than the hay samples.
The sub-communities on the mineral fertilized plots again matched to a MGSa for the first period but then moved to MGle. Sub-community MGIe is the most species-rich and varied of the generally coarse-leaved, tussocky Arrhenatherum grasslands (Tab. 2). In fact this sub-community can be dominated by a range of grasses such as Dactylis glomerata and Holcus lanatus in addition to Arrhenatherum elatius.
Plot 17, which receives just 40 kg N ha "l, and plot 19, which receives FYM every fourth year, also match to a MG5 community. Both plots therefore receive some nitrogen fertilizer but not enough for a major shift away from MGS, although the sub-communities on plot 19 suggest a MGIe. In fact the plots usually considered as "controls" receive no inorganic or organic fertilizer applications whereas traditional hay meadow management normally involves winter grazing and the light application of farmyard manure. It is not clear whether the fertilizer regime of traditional management plus the increasing levels of atmospheric deposition (20 kg N ha q year q at present, Gotn. DmG & POtn.TON 1985) would be expected to maintain a MG5 at Park Grass or move controls towards a MGle.
Treatments giving a higher level of nitrogen (96 or 144 kg N ha "l) plus other nutrients usually moved the community to a tall, rather species-poor Lolium perenne -Alopecurus pratensis grassland (MGTD) within the first (1867-1877) or at least by the second (1900-1929) period of assessment. There was some evidence that the plots receiving 96 kg N ha q moved to MGle during the ftrst 40 years and then on to MG7D (Tab. 3). There is also a suggestion that the acidified plots are now moving away from MG7D towards the herbaceous element of the acidic scrub community W23. However these acid plots are very species-poor often only containing between one and four species and this makes diagnosis of any community rather doubtful, The MGTD community is most characteristic of moist and fertile alluvial soils (Tab. 2) (RODWm I. 1992b). However, the similarity coefficients for the matches to this community were often less than 50% indicating a poor match. One explanation is that Lolium perenne, one of the c.o-dominant species in MGTD, is generally rather rate at Park Grass. It is not clear why Lolium is so uncommon, but one possibility is that during the early part of the experiment Lolium became extinct on the acidified plots and was then unable to reinvade once the liming treatments started. However this does not explain why Lolium also declined and disappeared between 1877 and 1903 on the plots fertilized with the non-acidifying sodium nitrate. T~N , Wn.LIAMS & JOHNSTON (1976) suggested that the genotype of Lolium present at Park Grass developed under grazing and was therefore not well adapted to a hay regime. The low persistence of Lolium perenne in many pasture situations unless "well managed" is well known and THOMPSON & GmME (1983) and ROBERTS (1986) suggest that it relates to the transient nature of the seed bank and to the ineffective vegetative spread.
One community diagnosis that might have been expected from these nitrogen fertilized plots was MG6. RODWELL (1992b) states that many stands of traditionally managed meadow vegetation which have been "improved" by the application of artificial fertilizers are now grouped with the Lolium perenne -Cynosurus cristatus grassland MG6. However species of high constancy in MG6, Lolium perenne, Cynosurus cristatus, Trifolium repena, Cerastium fontanum and Festuca rubra are generally not present in the nitrogen fertilized plots at Park Grass. One plot which did indicate a MG6 was plot 10 but this was only after 70 years of liming to neutralise the acidifying effect of ammonium sulphate fertilizer.
How quickly have fertilized plots recovered?
The only plot to recover the original MG5 plant community after a substantial perturbation caused by fertilizer treatment was plot 1 limed. This plot received the lowest level of solely nitrogen fertilizer (40 kg N ha -I) as ammonium sulphate. Soil on the unlimed part of plot showed some degree of acidification in the early years and by 1923 it had achieved pH 4.8 compared to pH 5.7 in 1856; by 1984 the pH had declined further to pH 3.7 indicating considerable acidification (JOHNSTON et al. 1986 ). MATCH had difficulty classifying communities on the unlimed part of the plot since for the two most recent periods (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) (1945) (1946) (1947) (1948) (1949) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) it has been completely dominated by either Festuca rubra, Agrostis capillaris or Anthoxanthum odoratum. The grassland is short and tussocky with a few gaps and somewhat resembles the Breckland grass heath vegetation of East Anglia. Parts of plot 1 which received lime to neutralise ammonium sulphate never achieved these very low pH values or the extremes of botanical composition.
It is clear that the limed part of the plot did not follow the same course of community degeneration as the unlimed part but to decide if it "recovered" we need to compare the plot in 1903, when the liming started, with later community measurements. There was no botanical survey of plot 1 in 1903. The two closest surveys on either side of 1903 were in 1877 and 1914: these gave a community of MG6 or MG7D. An alternative way of assessing the community at the start of liming is to examine plot 1 unlimed for the period 1900 -1929 ; none of the similarity coefficients are particularly high although the most likely community is MG5 with a coefficient of 44.7%, slightly better than MG7D diagnosis with a coefficient of 42.7%. In Table 4 It is difficult to be precise about the time scale of recovery given the large gaps between some of the botanical surveys and inexact nature of plant communities. However an approximate figure for the recovery of a MG5 from an "improved" pasture would be 70-90 years. Table 4 . Species composition on the unlimed part of plot 1 during the period 1900-1929(B) , also on the limed part of plot I during the periods 1900-1929(B), 1930-1949(C), 1973-1992 
